2-Oxoglutarate dehydrogenase (lipoamide) [OGDH: 2-oxoglutarate:lipoamide 2-oxidoreductase (decarboxylating and acceptor-succinylating), EC 1.2.4.2] is a component enzyme of the 2-oxoglutarate dehydrogenase complex. We have cloned a human cDNA encoding OGDH from a fetal liver cDNA library by plaque hybridization with a mixture of oligonucleotide probes designed from the amino acid sequences of porcine OGDH. This cDNA spans 4156 bases and contains an open reading frame of 3009 nucleotides encoding a presequence of 40 amino acid residues and a mature protein of 963 amino acid residues (M, = 108,642). The size of the mRNA is -4.2 kilobases. Comparison of the deduced amino acid sequence of the human OGDH with experimentally determined segments of porcine OGDH comprising 308 amino acid residues shows 93% sequence identity. The human OGDH has 37% sequence identity with 933 amino acid residues of the Escherichia coli OGDH and 40% sequence identity with 1014 residues of the yeast OGDH.
ABSTRACT
2-Oxoglutarate dehydrogenase (lipoamide) [OGDH: 2-oxoglutarate:lipoamide 2-oxidoreductase (decarboxylating and acceptor-succinylating), EC 1.2.4.2] is a component enzyme of the 2-oxoglutarate dehydrogenase complex. We have cloned a human cDNA encoding OGDH from a fetal liver cDNA library by plaque hybridization with a mixture of oligonucleotide probes designed from the amino acid sequences of porcine OGDH. This cDNA spans 4156 bases and contains an open reading frame of 3009 nucleotides encoding a presequence of 40 amino acid residues and a mature protein of 963 amino acid residues (M, = 108,642). The size of the mRNA is -4.2 kilobases. Comparison of the deduced amino acid sequence of the human OGDH with experimentally determined segments of porcine OGDH comprising 308 amino acid residues shows 93% sequence identity. The human OGDH has 37% sequence identity with 933 amino acid residues of the Escherichia coli OGDH and 40% sequence identity with 1014 residues of the yeast OGDH.
The mammalian 2-oxoglutarate dehydrogenase complex catalyzes an oxidative decarboxylation sequence converting 2-oxoglutarate to succinyl-CoA and CO2 (1) (2) (3) . It is located in mitochondria within the inner membrane/matrix compartment. The complex consists of multiple copies of 2-oxoglutarate dehydrogenase (lipoamide) [OGDH or Elo; 2-oxoglutarate:lipoamide 2-oxidoreductase (decarboxylating and acceptor-succinylating), EC 1.2.4.2], dihydrolipoamide succinyltransferase (designated E2o; EC 2.3.1.61), and dihydrolipoamide dehydrogenase (designated E3; EC 1.8.1.4) (4, 5) . The oligomeric E2o component forms a symmetrical cube-like core around which are arranged multiple copies of OGDH (Elo) and E3. In the complex, the OGDH component plays an important role in catalyzing the initial irreversible decarboxylation step. Porcine heart muscle OGDH has been separated from the complex (6) by means of highperformance liquid chromatography (HPLC) (7) , and its enzymatic and physicochemical properties have been determined (4, 5, 8) . This OGDH (Mr = 216,000) is a dimer of identical subunits (Mr = 97,000-113,000) (8) . Escherichia coli OGDH (Mr = 190,000) is similarly a dimer of identical subunits [Mr = 94,000-101,000 (9) Porcine Enzyme Purification and Peptide Sequencing. Porcine 2-oxoglutarate dehydrogenase OGDH complex was isolated from heart muscle by a modification (5) of the procedure of Hirashima et al. (6) . The complex was separated into three components (OGDH, E2o, and E3) by gel-permeation HPLC on a preparative TSK-GEL G4000SW column followed by calcium phosphate gel-cellulose chromatography (7, 8 tThe sequence reported in this paper has been deposited in the GenBank data base (accession no. D90499).
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Screening of the cDNA Library. The Agt1l human fetal liver cDNA library was screened by plaque hybridization by using a mixture of the two 17-mer probes. Positive clones were isolated after tertiary screening. The clone with the largest DNA insert was plaque-purified, and phage DNA was prepared from plate lysate (13) . The library was rescreened with a 500-base fragment (EcoRI-HindIII segment) of this phage DNA insert as a probe. The probe was labeled by random priming with [a-32P]dATP (14) . Positive clones were isolated, and phage DNA was also prepared as described (13) .
Subcloning of the DNA Insert and Its Fragments for Sequencing. The phage DNA containing the insert was digested with EcoRI, and the fragments were resolved in 1% agarose gel. DNA was isolated from agarose gel slices by using Geneclean according to the manufacturer's instructions. Purified DNA inserts and their fragments generated with restriction endonucleases and BAL-31 nuclease (15) were subcloned into pUC19 vector with E. coli strain JM105 as host and were selected for further studies.
DNA Sequencing. The DNA inserts were sequenced by the dideoxynucleotide chain-termination method (16) with T7 DNA polymerase according to the manufacturer's instructions.
RNA Blot Analysis. Total RNA from HeLa cells, human liver, and porcine heart were isolated by the guanidine thiocyanate/CsCl method (17); poly(A)+ RNA was enriched by oligo(dT)-cellulose chromatography (18) . Samples (6-7 ,tg) of poly(A)+ RNA from HeLa cells, human liver, and porcine heart were denatured with formaldehyde, fractionated in 1% agarose gel, and blotted onto nitrocellulose by standard techniques (13) . The probe, OGDH cDNA (AHOG142), was labeled with [a-32P]dATP by random priming with a mixture of oligonucleotides. Hybridization was carried out at 65°C as described (14) .
RESULTS AND DISCUSSION
Amino Acid Sequence Analysis. The amino-terminal sequence of porcine OGDH was determined by automated Edman degradation to be Ser-Ala-Pro-Val-Ala-Glu-Pro-PheLeu-Ser-Gly-Thr-Tyr-Val-Glu-Asp-Met-Tyr-Tyr-Asp-AlaLeu-Glu-Glu-Pro-. The sequences of 11 internal peptides generated by cyanogen bromide cleavage and five by limited proteolysis with endoproteinase Lys-C were also determined (Fig. 1) .
Isolation of the cDNA for Human OGDH. Initial attempts to clone cDNA for human OGDH by immunoscreening with polyclonal antibodies to porcine OGDH were unsuccessful. A degenerate probe corresponding to Glu-Asp-Met-Tyr-TyrAsp-Ala-in the amino-terminal sequence of porcine OGDH was ineffective. After sequencing the cDNA for human OGDH, we found that the human enzyme contained the sequence -Cys-Ala-Trp-rather than the sequence -Tyr-AspAla-present in the porcine OGDH. Using two degenerate probes corresponding to the internal sequences Trp-Gln-AlaAsn-Tyr-Ile-and Tyr-Asp-Cys-Glu-Trp-Val-of porcine OGDH, 16 positive clones varying in size from 1.2 to 3.0 kilobases were identified by screening about 2 x 106 plaqueforming units of the Agtll fetal liver cDNA library. The largest insert, about 3.0 kilobases and designated AHOG2, was subcloned, and its nucleotide sequence was determined. AHOG2 contained 2949 bases and had an open reading frame that contained experimentally determined amino acid sequences of 11 internal peptides of porcine OGDH (Fig. 1) . The sequences of 5 internal peptides and the amino-terminal sequence were missing. The 500-base fragment (EcoRIHindIII segment) of the 5' end of AHOG2 was used as a probe for rescreening the same library, and 60 positive clones with sizes varying from 1.2 to 4.2 kilobases were identified. The largest insert, 4.2 kilobases, designated AHOG142, was subcloned and its nucleotide sequence was determined. The results indicated that this DNA insert contained the entire nucleotide sequence of human OGDH cDNA (Fig. 2) . Sequence Analysis of cDNA. The restriction map and sequencing strategy for human OGDH cDNA inserts are shown in Fig. 2 . Two cDNA inserts, AHOG2 and AHOG142, with a 2949-base overlap, were sequenced. The AHOG142 insert spans 4156 bases starting from the poly(A)+ tail and contains the entire open reading frame including a putative presequence. The nucleotide sequence and deduced amino acid sequence of the OGDH protein are shown in Fig. 1 . The reading frame of 3009 nucleotides that begins at position 59 and extends through position 3067 encodes a putative presequence of 40 amino acid residues and a mature protein of 963 amino acid residues, which has a calculated Mr = 108,642. This value is in good agreement with molecular weights of 97,000 and 113,000 determined for the porcine enzyme by sedimentation equilibrium in 6 M guanidine hydrochloride and by SDS/PAGE, respectively. The presequence of human OGDH is relatively rich in basic and hydroxylated amino acid residues and is devoid of acidic amino acid residues. This feature, similar to the putative sequence of human pyruvate dehydrogenase a and j subunits (19) and E3 (20, 21) , is characteristic of mitochondrial matrix/ inner membrane proteins (22) . The deduced amino acid sequence of the mature OGDH protein contains the determined sequences of the internal peptides and amino terminus of porcine OGDH (underlined).
RNA Blot Analysis. RNA blot analysis of poly(A)+ RNA from HeLa cells, human liver, and porcine heart muscle (Fig. 3) .
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